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Rearrangement  as  a  term  may  be  applied  to  any  chemical 
change,  but  in  this  discussion,  it  is  intended  only  to 
apply  to  an  internal  change  or  shifting  of  a  radical. 
Rearrangements  explain  many  well-known  facts,  as  for  example, 
the  Beckman  rearrangement,  v^hich  serves  to  distinguish 
between  two  isomeric  bodies.  Rearrangements,  also,  yield 
simpler  and  much  less  laborious  methods  of  preparing  many 
substances.  The  rearrangement  of  acyl  amines  is  a  type  of 
isomeric  change,  in  which  the  transference  is  from  side- 
chain  to  nucleus,  and  the  object  of  these  experiments  is 
to  show  that  the  internal  change  takes  place  in  the  direction 
to  decrease  the  free  energy  of  ionization,  v/here  the 
ionization  constant  is  used  as  a  criterion  of  stability.  (1) 

HISTORICAL. 

There  are  a  large  number  of  aromatic  amines  in  which 
the  hydrogen  of  the  aminic  group  has  been  replaced  by 
various  atoms  or  groups  and  the  substituting  atom  or  group 
changes  place  with  a  hydrogen  of  the  nucleus (  generally 
the  ortho-  or  para-  hydrogen).  Acyl  groups  readily  replace 
the  aminic  hydrogen  and  the  intermolecular  change  as  far 

as  studied  takes  place  as  follows  :- 

i/^^^  ^i^^^^  ,.1/^^^ 

-  COf\  y  N 

— ►  I  or 

Chattaway  (2)  has  proven  that  diacetanilide  rearranges 
to  acetyl -para-  or  ortho-aminoacetophenone.  He  obtained 
similar  results  with  dipropionanilide,  dibenzanillde  (2), 
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and  dibenzoyl-p-toluidine  (3). 

Other  diacyl  anilldes  were  prepared  by  Higgins  (4), 
Klingel  (5,6),  Kunchell  (7),  Kay  (8),  and  Bischler  and  Barad 
(9).  In  no  case  did  they  recognize  the  shifting  of  the  acyl 
groups  from  side  chain  to  nucleus,  till  Chattnv/ay  came  upon 
the  field.  Neither  vas  there  any  attempt  to  correlate  the 
relative  stability  of  the  compounds  in  any  arbitrary  way 
i.e.,  to  determine  a  criterion  of  rearrangement, 

THEORETICAL. 

According  to  the  conception  that  rearrangement  takes  place 
in  the  direction  to  decrease  the  free  energy  of  ionization,  one 
would  expect  acetanilide,  which  exhibits  no  tendency  to 
rearrange,  to  have  a  lesser  ionization  constant  than  o-,  m-, 
or  p -amino ace tophenone,  and  that  o-,m-,  or  p-aminoaceto- 
phenone  would  have  an  ionization  constant  approximately  the 
same  as  aniline  (K-^^  (25^)  =  4.6  x  10"^^)  (10),  as  it  has  been 
shown  to  be  a  fact,  that  a  group  of  slight  polarity  two  or 
three  carbon  atoms  removed  from  the  point  of  dissociation, 
would  exert  but  little  influence  on  the  ionization  constant. 
In  the  case  of  diacetanilide  (the  compound  studied  in  these 
experiments)  the  isomeric  forms  possible  are  o-,  m-,  and  p- 
acetylaminoacetophenone.  Diacetanilide  (2)  has  been  rearranged 
to  p-acetoacetanilide  with  the  use  of  zinc  chloride  or 
hydrochloric  acid  gas  as  catalysts.  Here  we  would  expect 
the  ionization  constant  of  diacetanilide  to  be  greater 
than  that  of  p-acetoacetanilide  and  that  the  ionization 
constant  of  p-acetoacetanilide  to  be  nearly  the  same  as  that 
of  acetanilide.  It  is  further  expected  that  the  ionization 
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constant  of  acetanilide  is  less  than  that  of  p-aninoacoto- 
phenone  and  hence  this  would  explain  the  fact  that  acet- 
anilide cannot  be  rearranged  to  p-aminoacetophenone  (2), 

EXPERIMENTAL. 

(A).  MECHANISM  0£         PREPARATION  OP  P -ACETOAMINOFHENONg 

BY  KCHLER'S  METHODS. 
K6hler  (11)  prepared  acetyl  p-aminoacetophenone  from 
acetanilide,  acetic  anhydride  and  syrupy  phosphoric  acid, 
Diacetanilide  was  thought  to  be  an  intermediate  step  in 
this  reaction  and  it  was  our  purpose  to  recover  this  if 
possible,  Kfthler  states  that  the  reaction  is  a  dimolecular 
reaction  and,  assuming  this  to  be  true,  his  method  was 
modified  in  that  a  bomb-tube  was  used  instead  of  a  reflux 
condenser,  a  proceeding  strictly  favorable  to  a  dimolecular 
change  in  the  gaseous  state,  Priedlander  (11)  states  that 
he  had  tried  KBhler's  original  method  but  failed  to  obtain 
satisfactory  results.  Our  experience  with  the  bomb-tube 
was  deacetylation,  the  end  products  being  aniline  (76-80  f: 
of  theoretical  yield  of  aniline  from  acetanilide  used), 
acetanilide  and  some  tarry  matter.  This  is  directly  contrary 
to  KOhlers  reaction  in  which  an  acetyl  group  goes  into  the 
ring.  The  deacetylation  in  the  bomb  can  be  explained  by 
the  fact  that  the  dimolecular  reaction  tends  to  take  place 
in  the  direction  of  the  lesrer  volume.  Later  experiments 
shdwed  that  diacetanilide  hydrolysed  rapidly  with  boiling 
water,  hence,  if  this  danger  is  taken  care  of,  it  is 
possible  to  explain  K8hler*s  reaction  on  the  supposition 
that  a  dimolecular  reaction  first  occurs  producing 
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diacetanil ide  and  this,  in  the  presence  of  syrupy  phosphoric 
acid  (free  from  water  of  crystallization),  rearranges  to 
ortho  or  para-aminoacetophenone.  Not  knowing  at  the  time 
what  was  wrong,  the  method  was  abandoned  and  other  methods 
of  preparing  diacetanil ide  were  tried, 
(B).  PREPARATION  OF  DIACETANILIDE. 

Among  the  methods  for  preparing  diacetanil ide,  Chattaway 
(2)  says,  heat  acetanilide  with  acetic  anhydride  or  acetyl 
chloride  for  several  hours.  The  directions  given  were 
followed,  but  no  diacetanil ide  was  obtained,  but  instead 
acetanilide  resulted  together  with  some  tarry  matter, 

Kay  (12)  states  that  he  obtained  diacetanil ide  by 
heating  equal  molecules  of  phenyl  mustard  oil  and  acetic 
anhydride  together  for  several  hours  at  170  -  180°,  Hofman  (14) 
used  phenyl  mustard  oil  and  acetic  acid,  and  Gumbert  (14) 
aniline  and  glacial  acetic  acid,  Bistrychi  (15)  used  the 
last  two  methods  and  failed  to  obtain  diacetanilide.  All 
the  above  methods  v/ere  tried  in  these  experiments  and 
acetanilide  was  ever  the  end  product.  The  reason  for  the 
failure  of  the  above  methods  must  be  attributed  to  the 
presence  of  water,  for,  using  acetic  anhydride  and  acet- 
anilide, phenyl  mustard  oil  and  acetic  acid,  water  is  formed 
in  the  formation  of  diacetanilide.  Gumbert  (16),  in 
distilling  diacetanilide  with  steam  observed  that  it  changed 
over  to  acetanilide.  This  last  fact  was  verified  in  the 
laboratory  and  another  fact,  namely,  that  a  few  drops  of 
sodium  hydroxide  added  to  a  solution  of  diacetanilide  caused 
an  almost  immediate  precipitation  of  acetanilide,  leading 
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one  to  conclude  that  the  rate  of  hydrolysis  is  proportional 
to  the  hydroxyl  ion  concentration. 

Thus,  since  hydrolysis  seems  to  be  the  apparent  cause 
of  the  failures  in  most  cases,  it  is  probably  so  in  the 
acetyl  chloride  method,  due  to  moisture  present  in  materials 
and  apparatus.  Assuming  this  to  be  so,  the  acetanilide 
was  thoroughly  dried  in  a  vacuum  desiccator  over  sulphuric 
acid,  the  acetyl  chloride  used  from  freshly  opened  bottles, 
the  apparatus  thoroughly  dried  and  drying  bulbs  attached 
to  the  openings.  In  this  way,  the  method  worked  very  well. 
The  acetyl  chloride  and  acetanilide  were  heated  for  six  hours 
at  150  -  160^  under  a  reflux  condenser,  a  slight  excess  of 
acetyl  chloride  being  used  (10  %) ,  The  resulting  mixture 
was  distilled  under  diminished  pressure  (induced  v/ith  a 
v/ater  suction  pump  and  averaging  about  15  mm, ) ,  The  first 
fraction  collected,  while  the  temperature  of  outside  bath 
rose  to  180^,  consisted  of  excess  acetyl  chloride  and  some 
acetic  acid  and  was  discarded.  The  next  constant  boiling 
fraction,  which  generally  came  over  between  155  -  160^  C. 
depending  on  pressure  at  time  of  distillation,  is  diacet- 
anilide,  and  a  constant  boiling  fraction  was  generally  obtain 
ed  varying  from  75  to  90  f,  of  the  theoretical  yield, 

(C).     HYDROLYSIS  OF  DIACETAKILIDE. 

Since  it  has  already  been  shown  that  diacetanilide 
hydrolyses,  it  becomes  necessary  to  determine  the  rate  of 
hydrolysis  or  provide  conditions  where  diacetanilide  is 
stable  to  hydrolysis  before  its  ionization  constant  or  it's 
solubility  can  be  measured.  No  method  exists  for  the 
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quantitative  separation  of  diacetanilide  and  acetanllide. 
The  catalytic  method  to  determine  the  rate  of  hydrolysis 
offers  great  danger  of  possible  side  reactions.  This  leaves 
the  partition  method  as  a  possibility.  It  seemed  best, 
however,  to  determine  the  presence  or  absence  of  hyrfrol^^sis 
indirectly. 

(D).     SOLUBILITY  OP  IjlACETANILIDE  4T  C. 

Before  Vie  solubility  of  diacetanilide  can  be  determined, 
some  knowledge  of  its  hydrolysis  must  be  obtained.  This 
was  indirectly  determined  as  follov/s:-  Diacetanilide  decomposes 
into  acetanilide  and  acetic  acid  on  hydrolysis,  Acetanilide 
unites  with  acetic  acid  to  form  acetanilide  acetate.  Hence, 
v/e  may  have  the  following  equilibria  in  solution: - 

Since  acetanilide  is  a  weak  base  and  acetic  acid  a  weak 
acid,  acetanilide  acetate  will  be  highly  hydrolysed.  The 
degree  of  hydrolysis  can  be  figured  from 


h^ 


(l-.h)^'^  a- 

where  "h"  is  the  degree  of  hydrolysis  and  "a"  the  degree 
of  dissociation, 

  =  Kg 


Where        =  ionization  constant  for  water  =  3.1  x  10"^"*  at  40*^, 
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Kg^  =  ionization  constant  for  acetic  acid  =  1.81  x  10*"^ 

at  40^. 

K-j^  =  ionization  constant  for  acetanilide  =  4.5  x  lO--'-^ 

at  40^. 

3.1  X  10"-^^ 

Kj^    =   =  .381  X  10^ 

(1.81  X  10"^)(4.5  X  10'"^^) 

5 

.381  X  10°  = 


(l.h)V 


2 

Ignoring  a  , 


h  =  1. 


At  0^,  Kj^  would  become  somewhat  smaller,  "but  the  effect 
on  the  value  of  "h"  is  inappreciable,  because  K^^  for  acetic 
acid,  K^^  for  water  and        for  acetanilide  is  little  changed. 
Hence,  the  acetanilide  acetate  can  be  considered  completely 
hydrolys'^d.  The  solubility  of  acetanilide  in  water  is 
,0393  moles  per  1000  grams  of  water  at  6°  C,   (17)  and 
undergoes  no  change  in  water  solution.  On  the  other  hand, 
if  diacetanilide  is  more  soluble  than  acetanilide,  as  it 
will  be  shown  to  be  later,  the  curve  of  hydrolysis  may  be 
traced  by  plotting  the  total  nitrogen  content  of  solution 
against  time.  Suppose  that  .09  moles  of  diacetanilide  are 
present  in  solution  and  the  hydrolysis  tal(^es  place  at 
.0001  moles  per  raimzte,  then  the  curve  for  total  nitrogen 
content  ^of  solution  in  moles  would  take  the  form  of  curve 
(a).  If,  however,  diacetanilide  is  present  in  solid  phase 
till  the  solution  is  saturated  with  respect  to  acetanilide 
formed  from  the  hydrolysis  of  diacetanilide  (assuming  the 
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solubility  of  each  substance  to  be  independent  of  the  other, 
which  is  practically  true  in  cases  of  so  slight  a  solubility), 
the  curve  would  take  the  form  as  shown  by  curve  (b).  As 
long  as  diacetanilide  is  present  the  curve  would  follow 
line  (c).  It  might  be  expected  that  the  acetic  acid 
accumalating  from  the  hydrolysis  of  diacetanilide  would 
drive  back  the  hydrolysis  of  acetanilide  acetate,  but  if 
one  will  apply  the  mass  law  here,  one  is  quickly  disillus- 
ioned. The  mass  law  for  this  case  would  take  the  following 
form, 

(Concentration  Acetanilide ) (Concentration  Acetic  Acid) 
Kj,=   

(Concentration  Acetanilide  Acetate) 

We  know  the  concentration  of  the  acetanilide  is  constant 

and  therefore,  we  only  have  to  substitute  any  concentration 

of  acetic  acid  and  solve  for  the  concentration  of  Acetanilide 

Acetate,  Suppose  the  hydrolysis  had  gone  for  30  hours  at 

the  rate  given,  then  the  acetic  acid  concentration  would 

be  ,18  moles. 

(.0393)   (.18)  _ 
,   =  .381  X  10^, 

X 

.072  . 
X  =    =  1.89  X  10'^, 

.381  X  10^ 

The  actual  curve  obtained  is  shown  by  curve  (d).  This  is 
very  similar  to  curve  (b)  or  (c)  as  far  as  carried  out, 
and  tends  to  affirm  the  validity  of  the  assumed  rate  of 
hydrolysis  (.0001  moles  per  minute)  and  shows  that  it  is 
very  small. 
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The  data  for  the  actual  curve,  shov/n  in  Table  I,  was 
obtained  by  stirring  a  mixture  of  diacetanilide  and  water 
in  a  glass  tube,  surrounded  by  an  ice  bath.  The  length  of 
time  of  stirring  and  temperature  of  mixture  (Table  I,  columns 
1  and  4)  was  noted  and  the  color  reactions  with  three  diff- 
erent indicators  were  observed  at  the  time  of  sampling 
(Table  I,  colujnn  3),  These  color  changes  show  that  hydrolysis 
is  very  small,  since  there  was  but  little  difference  in 
color  reactions  of  different  samples.  The  samples  were 
drawn  off  through  a  glass  tube,  plugged  with  glass  wool  at 
one  end,  into  a  pipette  (attachable  to  a  glass  tube),  and 
transferred  to  a  weight  pipette.  Samples  were  weighed  out 
and  the  total  nitrogen  determined  by  the  Kjeldahl  method. 
Blanks  were  run  in  parallel  and  corrections  made  for  same. 
The  samples  were  run  in  pairs  and  the  average  of  two  taken. 
The  corrected  results  for  the  total  nitrogen  are  given  in 
Table  I,  column  9., 

TABLE  I. 


Time  of 

Total  N, 

Indicator  reaction 

Temp, 

shaking 

in  moles 

Methyl 

Cochineal 

Methyl 

o  c. 

in,  min. 

Oran;3;e 

Violet 

5 

.038 

Neutral 

Acid 

Alkaline 

0.2 

10 

.060 

tl 

tl 

tl 

0.2 

20 

,0655 

Alkaline 

tl 

It 

0,0 

30 

,0713 

II 

II 

tt 

0.0 

60 

.089 

tt 

Neutral 

It 

0.2 

lf?0 

.095 

If 

It 

tt 

0.2 

?A0 

.110 

n 

It 

It 

0.2 

( E ) .  Ionization  Constants. 

The  ionization  constants  were  determined  colormetrically. 
Solutions  of  definite  normalities  were  made  up,  and  one  with 
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a  "known  ionization  constant  compared  with  one  of  an  unknown 
ionization  constant.  The  method  used  was  as  follows:-  Two 
Nessler  tubes  were  selected,  into  one  a  definite  amount  of 
a  known  solution  wan  added  and  into  the  other  a  definite 
amount  of  unknov/n  solution  (knovm  and  unknown  refer  here  to 
the  ionization  constants).  Then  both  were  made  up  to  the 
same  volume  and  the  same  am^^unt  of  indicator  added  to  each 
(generally  two  drops  of  methyl  oranre).  The  colors  were 
then  compared  and  then  one  was  further  diluted  while  the 
other  was  kept  at  constant  concentration  till  the  colors 
matched.  The  voluT^es  were  al^"ays  kept  equal  in  both  tubes 
and  the  colors  compared  by  looking  down  through  the  depth 
of  solutions  with  a  white  background  below  and  the  tubes 
held  in  such  a  position,  as  to  receive  equal  illumination. 
Then  from  the  formula 

(C  a)^ 
  =  K, 

CCl-a) 

and  neglecting  "a"  in  the  denominator,  as  it  is  small  in 
cases  under  consideration,  we  can  determine  the  constant.  For 

when  the  colors  are  matched,   (Ca) ^  is  equal  in  both  cases. 

P  2 
Then,  since  (Ca)  '  of  known  base  equals  (C*a*)  '  of  the  unknown 

base,  KG  =  K'C,  and  KC/C*  =K* .  Hence,  knowing  the  concent- 
rations of  the  solutions  and  the  ionization  constant  of  one, 
we  can  solve  for  the  unknov/n  ionization  constant.  Aniline  is 
a  substance  whose  ionization  constant  is  knovm  over  a  wide 
range  of  temperature,  and,  since  the  constants  measured 
in  these  experiments  were  determined  at  3?^^,  the  curve 
was  drawn  for  the  ionization  constants  of  aniline  at 
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different  temperatures,  anci  the  value  at  3^^  interpolated 
and  found  to  be  5.9  x  lO"-*-^  (See  Figure  E).  Solutions  of 
p-toluidlne  and  acetanillde  were  compared  to  aniline. 
P-toluidine  was  used  as  a  check  on  the  method,  as  its 
ionization  constant  is  known  to  be  }^  x  10"^  at  ^5^  (10), 
Acetanilide  v^as  standardized  against  aniline,  as  it  was 
used  in  the  experiment  in  one  case  for  comparison.  Diaceta- 
nilide  was  compared  to  an  acetic  acid  solution  of  known 
hydro p:en  ion  concentration. 

The  results  are  given  in  Table  II.  The  data  from  compar- 
ison of  aniline  with  p-toluidine  shows  the  method  is  fairly 
accurate  and  can  be  relied  on  as  a  means  of  expressing  the 
relative  relations  of  the  ionization  constants  studied.  This 
last  fact  is  further  assured,  since  they  are  referred  to 
aniline,  directly  or  indirectly,  except  in  the  case  of 
diacetanilide,  Diacetanilide  was  compared  to  a  solution  of 
0.1  N,  acetic  acid,  containing  1.6P76  grams  of  sodium  acetate 
in  1000  grams.  If  we  suppose  hydrolysis  to  take  place  at 
the  rate  mentioned  (.0001  moles  per  minute),  which  has  been 
shown  to  be  approximately  correct,  and  if  anything  rather 
large,  and  if  we  allow  thirty  minutes  to  make  the  solution 
and  match  it,  we  will  have  .003  moles  of  acetic  acid  in 
solution,  which  will  introduce  an  error  less  than  10  ^, 
depending  on  the  concentration  of  the  diacetanilide  used. 
As  long  as  the  error,  due  to  acetic  acid,   is  within  10  ^, 
the  value  of  Kg^  for  diacetanilide  is  accurate  enough  for 
the  conclusions  that  will  be  drawn.  In  determining  the 
constant  for  diacetanilide,   (C  a) '  is  solved  for  in  the 
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acetic  acid  solution  as  follows, 
(C  a)(Ca  ^  C'aM 


C(l-a) 


where  Kg^  =  ionization  constant  for  acetic  acid  at  32^  by 

exterpolation  from  Figure  (F). 

C    =  Concentration  of  acetic  acid. 

C  =  Concentration  of  sodium  acetate 

a'  =  dissociation  of  sodium  acetate  (18). 

(.1  a)(.la  4  .02  x  .9)  j- 
  =  1.8^  X  10"*^. 

.l(l-a) 

+  ,180182a  =  .000182 

(a  +  .090091)^  =  ,008298 

a  =  -.09  +  .0911 

a  =  ,00109    =  ,109  fo 

Ca  =  .000109 

(Ca)^  =  1.1881  X  10~8 

2 

1-      =  ^  ' 


(^2 


^2 

ignoring  (1-a)  in  the  denominator,  as  a  is  small, 
=  unknown  ionization  constant, 
a    =  degree  of  dissociation, 

C    =  concentration, 

2 

But  when  the  colors  are  matched, 

<0  a)^  =  (Cg  a^)^    =  1,1881  x  10-8  , 
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Hence 

1.1881 

X  lO" 

=K^  =1. 

4  X  10~^. 

» 

•  Otc  X 

Table  II, 

1  — i 

Standard 
sol.  used 

Norm-  cc, 
ality  used 

I  ■  ■  1 

'HpO 
add 

Unknown  Norm- 
used  -lity 

cc . 

used 

add 

K-b  for 
unknown 

Aniline 

.0593  8 

1 

p-  tol-.016 

uidine 

7 

2 

2.5 

X 

10-10 

"  8 

0 

tt  tt 

7 

1 

2..  5 

X 

10 

n 
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CONCLUSIONS. 

I.  Hydrolysis  is,  no  doubt,  the  reason  for  the  unsatis- 
factory results  in  KBhler's  method  and,  if  this  is  taken 
care  of  the  reaction  will  evidently  proceed  satisfactorily, 
the  reaction  being  a  substitution, with  subsequent  rearrange- 
ment as  follows:- 

II.  Diacetanilide  is  evidently  two  or  three  times  as 
soluble  as  acetanilide,  but  to  state  its  real  molar  solubility 
would  require  more  data  than  is  already  at  hand.  The 
approximate  value  is  found  to  be  0.09  moles  per  liter  at  0°. 

III.  That  the  hydrolysis  of  diacetanilide  is  extremely 
slow  can  be  inferred  by  the  comparison  of  the  total  nitrogen 
curves  for  the  actual  and  assumed  data.  The  color  reactions 
at  the  time  of  sampling  confirmed  this  view,  which  is 
further  strenghtened  by  the  fact  that  no  apparent  change 
could  be  observed  in  a  solution  of  diacetanilide  matched 
with  acetic  acid,  after  If?  hours  standing. 

IV.  The  ionization  constant  of  diacetanilide  is  that  of 
a  weak  acid,  namely,  K^^  =  1.4  x  10"*^,  and  greater  than  any 
of  its  isomers, 


Diacetanilide  is  also,  the  most  unstable  of  the  group  of 
isomeric  bodies. 

V,        The  ionization  constant  of  p-aminoacetophenone  is 


5.9  X  lO"-^^,  which  is  the  same  as  that  of  aniline  obtained 
by  exterpolation. 

VI,  P-acetoacetanilide  has  the  ionization  constant 

-14 

4.8  X  10      ,  which  is  approximately  the  same  as  acetanilide 

VII.  The  ionization  constants  show  that  the  criterion  of 

rearrangement,  namely,  that  rearrangement  takes  place  in 

the  direction  to  produce  substances  with  smaller  ionization 

constants,   i.e.,  with  less  free  energy  of  ionization,  holds 

for  the  cases  considered. 

The  ionization  constant  of  diacetanilide  is  1.4  x  10 

-14 

while  that  of  p-acetylaminoacetphenone  is  4.5  x  10 
Hence  rearrangement  of  the  diacetanilide  to  the  p-acetyl- 
aminoacetphenone would  be  predicted  and  has  actually  been 
proven  by  Chattaway. 

Similarly,  the  ionization  constant  of  acetanilide  is 
-14  0 

4,5  X  10        at  40  ,  v/hile  that  of  p-aminoacetophenone  is 

5.9  X  10  '^^  at  "52^,  Hence  the  rearrangem.ent  of  acetanilide 
to  p-aminoacetophenone  is  impossible,  according  to  the 
criterion,  and  all  of  Chattaway 's  attempts  to  do  the  same 
have  failed. 
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